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We investigate the muon anomalous magnetic moment in the context of the supersymmetric 
version of the economical 3-3-1 model. We compute the 1-loop contribution of super-partner 
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I. INTRODUCTION 


The muon magnetic dipole moment (MDM), written in terms of is one of 

the most highly measured quantity in particle physics. The current discrepancy between 
experimental value and that predicted by Standard Model (SM) Aa^ = is 


3.6a 


Q. 


This discrepancy demands an explanation. Efforts in both the experimental and 
theoretical fronts are taking to address this issue. On the theoretical front, there are models 
of new physics. One of these models is the class of SU{3)c x SU{3)l x U{1) (3-3-1) models 
In this class of models, the SU{2)l gauge symmetry group is extended to SU{3)l 
and has some intriguing features: They can give of the generation number problem; dark 
matter; small neutrinos mass and their mixing and some problems of the Early Universe 


15| . Among the 3-3-1 models, there is one version called the economical 3-3-1 model (E331). 


The economical 3-3-1 model 


H 


is a model with just two Higgs triplet. The Higgs sector 


in the E331 model is very simple and consists of two massive neutral Higgs scalars, one 
massive charged Higgs and eight Goldstone bosons. Because of the expansion of the gauge 
group, the 3-3-1 models contain new particles such as new Higgs, new gauge bosons as well 
as new fermions. Due to the interactions of the muon with some new heavy particles, the 
3-3-1 models can give new contribution to the muon MDM. The muon MDM problem is also 


investigated in this class of models 


16| 


- Q- 


However this class of models cannot probably 


explain t 


TeV 


20 


le {g — 2)^ anomaly if the SU{3)l symmetry breaking scale is larger than 0{1) 


33|. 


Supersymmetry (SUSY) is one of the most promising candidates of the new physics 
beyond Standard Model. In SUSY models, the Higgs sector is very constrained and the 
quadratic divergences are cancelled out and hence offer a solution to the naturalness problem 


2l|. In addition, precision measurements of the gauge coupling constants strongly suggest 


SUSY grand unified theory 


22 |. 


There are works in which the muon MDM is calculated in the framework of SUSY models 


231]. In minimal supersymmetric standard model (MSSM) 2^, the SUSY contribution is 


proportional to tan B which is the ratio of the vacuum expectation values of two Higgs fields 
and factor It tan^ . laage then af- nan he ae latge ae Aa„ Q ot 

if low energy SUSY exits, the SUSY contribution to the muon g — 2 can be large enough 
to address the muon MDM anomaly provided the masses of supersymmetry particle, order 


2 






















O (100 GeV) or C>(TeV), which are in the reach of the LHC. Thus the muon MDM can be 
possibly originated from SUSY contributions. 

It is natural to investigate the muon MDM in the SUSY version of the 3-3-1 models. In 
this work we will investigate the muon MDM in the framework of the supersymmetric version 
of the economical 331 model (SUSYE331). The SUSY version of the economical 3-3-1 model 
(SUSYE331) was proposed in [2^. In the SUSYE331 model the region of parameter space 
can be expanded comparing to that of the MSSM. The works given in j^, 281 showed that 
the interested region of parameter space to study the LEV decay process can be expanded 
to the limit of the small value of tan 7 and the slepton mass of at least one generation can 
be taken in the 0(100) GeV energy scale. 

We will first derive the analytical expressions for all one-loop contributions coming from 
the SUSYE331 and show that the contribution of the SUSYE331 model to the muon MDM 
is proportional to the values of tan 7 and inverse proportional to the values of the slepton 
masses. We will show the magnitude of contribution to the muon MDM for each choice 
of the value of the tan 7 . Because of appearance of new particles in the SUSYE331, we 
expect finding the interested region of the SUSY parameter space in the limit of the small 
tan 7 . We are particularly interested in exploring some numerical results of the SUSYE331 
contribution to the muon MDM in the limits where SUSYE331 slepton and gaugino masses 
are of order TeV and small values of tan 7 . 

The paper is organized as follows. In section 2 we will briefly review the SUSYE331 
model. In section III and IV we will go through the neutralinos and charginos sectors of 
the model. Section V and VI are devoted for diagonalizing the mass matrix of the smuon, 
sneutrino and the muon-chargino-sneutrino interaction. In section VII we will calculate the 
muon MDM in the weak eigenstate. Section VIII is devoted for numerical calculation and 
bounds on masses. We will summarize our results in section IX. 


II. A REVIEW OF THE MODEL 


In this section we first recapitulate the basic elements of the supersymmetric economical 
3-3-1 model 2^. The superfield content in this paper is defined as follows: 


F={F,F), S={S,S), V={X,V), 


( 1 ) 
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where the components F, S and V stand for the fermion, scalar and vector helds while their 
superpartners are denoted as F, S and A, respectively. 

The superheld content of the model with ananomaly-free fermionic content transforms 
under the 3-3-1 gauge group as 


LaL = (^a, la, K)1 ~ (1, 3, -1/3), ~ (1, 1, 1), 

Qil = (ui, di, ~ (3, 3,1/3), 
uIl, u'l ~ (3*, 1, -2/3), SIl ~ (3*, 1,1/3), 
QaL = {da, -Ua, d'aY^ ~ (3, 3*, 0), a = 2, 3, 

~ (3*, 1, -2/3), dl^, d>:^ ~ (3*, 1,1/3), 


where the values in the parentheses denote quantum numbers based on (SU(3)c', SU(3 )l, 
U(l)x) symmetry. z/£ = {VjiY and a = 1, 2, 3 is a generation index. The primes superscript 
on usual quark types {u',d' with the electric charge q^' = 2/3 and d' with q^i = —1/3) 
indicate that those quarks are exotic ones. 

The two superfields x p are introduced to span the scalar sector of the economical 


3-3-1 model 


m-. 


X = {xi,x ,X 2 )^ ~ (l,3,-l/3), 

P = (/5|,^,/5J)^~(1,3,2/3). 


To cancel the chiral anomalies of higgsino sector, two extra superhelds x' and p' must be 
added as follows 


X' = (x;°,x'+,x'2°)^~(1,3*,1/3), 
p ’ = (p;-,p'°,p'2")^~(1,3*,-2/3). 

In this model, the SU(3)i 0 ^^(l)^ gauge group is broken via two steps: 

SU(3)i 0 U(l)x ^ SU(2)i 0 U(l)y U(1 )q, (2) 


where the VEVs are dehned by 

X^ix)^ = {u,0,w), \/2 {xY = {u',0,w') , (3) 

V2{pf = (0, V, 0), V2{pY = (0, v', 0). 
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The VEVs w and w' are responsible for the first step of the symmetry breaking while m, u' 
and V, v' are for the second one. Therefore, they have to satisfy the constraints: 


M, m', n, v' tc, w'. 


( 4 ) 


The vector superhelds 14, V and V' containing the usual gauge bosons are, respectively, 
associated with the SU(3)c, SU(3 )l and U(l)x group factors. The colour and flavour vector 
superhelds have expansions in the Gell-Mann matrix bases T“ = A“/2 (a = 1,2, ...,8) as 
follows 


14 = Ge = -^A“*t4,; G = ^A“t4, G = -^A“*t4, 

where the overbar “ indicates complex conjugation. The vector superhelds associated with 
U(l)x are normalized as follows 

XG' = = ^diag(l, 1,1). 

The gluons are denoted by g°‘ and their gluino partners by A^ with a = 1,..., 8. In the 
electroweak sector, and B stand for the SU(3)i and U(l)x gauge bosons with their 
gaugino partners A^ and A^, respectively. 

With the given superhelds, the full Lagrangian is dehned by Cgusy + ^^soft where the hrst 
term is supersymmetric part, whereas the last term breaks the supersymmetry explicitly. 
The interested reader can hnd more details about the Lagrangian in 2^. In the followings, 
we only interest in terms relevant to our calculations. 


III. THE NEUTRALINOS AND CHARGING SECTORS 

In the SUSYE331 the neutralinos are mixed by 11 x 11 matrix and the charginos are 
mixed by 5 x 5 matrix. It is difficult to hnd the exactly mass eigenstate of these mixing 
mass matrices. Hence, we have to hnd the approximation method. 


A. The neutralino sector 


The neutralino mass terms are given in 30| as follows: 


C = 



( 5 ) 
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with 


r = 

{xi,Xi 


^.O/ r\0 r\Of \ 

X2^Pl,Pl , 

5 ^3, As 

Ax 

A 4 -l- 

iXr. , 
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the mass 

matrix 


has the 
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as follows 
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where mx^ = mx^ = mx^^. 

In general, we can find a new basis in which the mass matrix has the diagonal form 
by finding an nnitary matrix N satisfied 


= Diag{m~ , m~ , m~ , m~ , m~ , m ~_, m~ , m ~_, m ~_, m~ _, m 


XI ’ X2’ X3’ X4’ Xs’ X6’ XT’ Xs’ X9’ XlO ’ 

As have done in [30|, we assnme that 

v,v',u,u',w,w' < - rriBl ,\iJ.p - mxs \ ,\iJ^p - mx^ \ ,\iJ.p - mx^ 

and 

v,v',u,u',w,w' < - ms I, l/i^ - mx^ |, l/^x “ M/^x “ "^A4 


Xll’ 


(7) 


( 8 ) 


In these limits, we get the nentralino mass eigenstates by using perturbation. At the first 
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order of the perturbation, we obtain the mixing matrix N such as: 


N = 


( 0 
0 
0 
0 
0 
0 
0 


0 

0 

0 

0 

0 

0 

0 
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0 

0 

0 

0 

0 

0 


^ ^0 0 
75 0 


0 

0 

0 

0 

0 

0 

0 

0 

0 


0 

0 


1 1 

^f2 y/2 


0 

0 

0 

0 

0 

1 

72 

1 

72 

0 

0 

0 


0 0 


and the mass eigenvalues as studied in [SOj. 


0 1 0 0 0 0 ^ 
0 0 1 0 0 0 
0 0 0 1 0 0 
0 0 0 0 1 0 
0 0 0 0 0 1 
^ 0 0 0 0 0 
-^00000 
0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 Oy 


B. Chargino sector 


In the SUSYE331 model, there are four charged gauginos and six charged Higgsinos. In 
the basis = (A^+, Ay+, 71+, 7^+, x'+), -0" = (A^_, A^., pi'", p^'", x"), the Lagrangian 
describes the chargino mass terms is given as follows 

^charginomass ^ “b H.C, 


with the M~ 

p 



where bW is 5 x 5 matrix given by 


0 M 
0 




mXyy 

0 
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In order to diagonalize charginos mass matrix, we have to find two nnitary 5x5 matrices 
U and V such that they satisfy 


U*MV^ = 


0 0 0 0 


where 


1 r 


0 m2 0 0 0 

0 0 /ip 0 0 

0 0 0 m3 0 

0 0 0 0 /ip y 


= Diag(m^^, m^^, , m^^, m^ J, 




- \l ( 2 (/ix + mxyY + g‘^{w - w'Y) ( 2 (/i;^ - mAy )2 + g‘^{w + w'Y) 


m3 = - 


2{^^{ + mi^)+g\w^ + w'^) 


+ \j (2(/ix + mxyf + g‘^{w - w'f) (2(/i^ - mxyY + g‘^{w + vo'Y) 

In order to find the matrices U, V we have to diagonalize the matrix M^M by finding the 
matrix C such that it satisfies C^M'^MC = M|,, has a diagonal form. Meanwhile, the 
shape of the matrices U and V are represented through the matrices U, V as follows 

1/t = C, U* = 

In the leading order mA^^,, mAy, /ip, /i^, w, w' S> n, u'v, v', the matrix C has a form such as 


/f 

0 


C = 


0 0 0 0 




0 


B 


0 


Vl+A'^ Vl+B'^ 

0 0 10 0 


0 0 0 0 1 
0 7^W 


and the form of the matrix U* is 
/ 1 
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0 
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where 


A 


B 


^-4(-2/i^mAy + g'^ww'Y + (2(/i2 + m|^) + g^{w'^ + w'^))^^ , 

- 7 =---- (- 2 (/r 5 - ) - g^(w^ - w'^) 

2V2(m),yW + fixU’) ^ 

^-4(-2/i^mAy + g^vjvj')^ + (2(/u^ + + g^(vj^ + . 


IV. SMUON AND SNEUTRINO MASSES 


The superpotential of the model under consideration relevant to the contribution of (g 
2 )^ is given as follows: 


IT' = fiQaLaLX' + hXX' + f^pPP' + 'labLaLp'itL + ^a^LalXP + Kb^LalLbLp, 


with poa, Pp and have mass dimension, the other coefficients in W are dimensionless and 
A'a. = -AL- 

Relevant soft breaking terms are obtained by 

- C,SMT = MlJjl^LbL + + [M'^X^LaL + VabLaLp%b + Va^laLXP 

“1“ ^ab^Ldi^Ljji^p -|- OJaaj LaLQahd'jL + ^'aagLalQaLd '+ -ff.C.j , (9) 


where Sab = —£ba- This Lagrangian is also responsible for sfermion masses. The sfermion 
masses are obtained by combining of the soft terms, D-terms and F-terms. The interested 
reader can see in 29|. In general, there are flavour mixing in slepton mass matrix. However, 
the large flavour mixing in slepton sector can create a mismatch for the lepton flavor decay 
processes of muon and tauon 


27 


. In this work, we assume that the flavour mixing 


matrix elements are not so large. We can ignore all the flavour mixing terms. The mass 
matrix for smuon can be written as 

/ 




2 2 

r, 

liL ^LH 


( 10 ) 


V ^pLR 
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pR 


where 
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( 12 ) 


Hs = 

H. = 


' n cos 2/9 p cos 27 

11 “ + ^ 


1 

'4 

1 


4x/3 


n COS 27 , 9 ^ n, COS 2/9 

u —r- (u — 2w ^ 


7 

1 cos 2/9 

-^4 = - 7 ;“^- 2 -’ 

Z Sr. 


s 2 

S/3 


’/3 


Hi = - 
6 

and tan/3 = 4 = 1, tan 7 = - 
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(13) 
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+ w^) —^ + 2^2 —^ 
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L 4 4 \ 



7 , S /3 = sin/3, C /3 = cos/3. 



X given in Eq.ffTOl). we can obtain the 

mass eigenvalues as 



(17) 

L = ^Hi+™|h+N' 


(18) 


where A = 


{{ 


0 +^^ 71 lr- 
The mass eigenstates are given, respectively 
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(19) 


with S 6 )_ = sin 6 * 7 , Ce~ = cos 6*7 and the 9~ is dehned through tan 26*7 as follows: tan 26*7 = 


2m£. 


t2e~ = ^2 


TTTJt. —mx. 

^iL ^R 


Next, We will study the muon sneutrino mass. If we ignore mixing among sneutrinos of 
two hrst generations, the mass of the sneutrino m~ has the form 


m? . — MI 2 + -po2 + Y - ^ 


m 


Vp,L 

2 

^tiR 


r2 I ^ ,.2 „2 / 1 




= MI 2 + + -Hi\ + + 4A'l) + -A^n^ 


( 21 ) 
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V. MUON NEUTRALINO SMUON AND MUON CHARGINO SNEUTRINO 
VERTICES. 


The interaction terms contain the lepton neutralino slepton and lepton chargino sneutrino 
vertices are given as follows: 


^uv - 


^UH - 


- lava;,) - isyi 


-^(LL\b - LLAfl) + (TI°\b - “LAb) 


{LaM + Ljltj - ^ (L„pLj + L„pLt) + H.C. 


( 22 ) 

(23) 


^ y O ‘ '-^1 o j 2 

We would like to remind that the lepton number is conserved in the lepton sector at the 
tree level and As^b are antisymmetric with a and b leading to the vanish of couplings Ai^b, X^ab 
if a equals to b. We use the notations as given in |28|. Expanding the Eqs. fl22|) and 

fl23|) . we rewrite only the muon-neutralino-smuon and muon-chargino-sneutrino interaction 
terms. All relevant terms are given as 




- 
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(24) 

(26) 


The Eqs. 


can be written in the physical states as follows: 


= T.npRNiB.++T.nPHC^,g, + plci~,,)xPa + h.c, ( 26 ) 

iA jB 
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AT. = -y,(Uy(U,)BA + U„(U,)BAb 
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VI. THE SUSY CONTRIBUTION TO THE MUON MDM 


The amplitude for the photon-muon-muon coupling in the zero limit of the momentum 
of photon can be written as: 


Mfi = ieu 


7“ + a, 


‘ 2m., 


UAn 


The magnetic dipole moment can be calculated in both mass eigenstate and weak 
eigenstate. However in the next section the magnetic dipole moment will be evaluated in 
the weak eigenstate, since in this basis the dependence of on SUSY parameters is more 
reveal than in mass eigenstate basis. 


The SM prediction of the muon anomalous magnetic moment has been given in 


3l| 


a*" = 116591803(1)(42)(26) x 10 


-11 


The recent E821 experiments 3^ have measured and take into account correlations be¬ 
tween systematic errors one hnds 


^E 82 i ^ 116592091(54)(33) x 10 


-11 


= (116592091 ±63.3) x 10 


-11 


Hence 

Aa^(U821 - SM) = 288(63)(49) x 10"^^ 

= (288 ±80) X 10"^^ 

Then we have Aa^ are 3.68 x 10“® and 2.08 x 10“® with the differences 3.6a and 2.0a, 
respectively. 


A. Mass eigenstate 


The effect of supersymme , 
one-loop contributions to 


ry on includes loops with charginos and neutralinos. The 
23|, including the effects of possible complex phase, are: 


iA 
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mi(l - x^±)^' 
where a:^± = m^i/m?, = m\Jm\-^. 

Based on the contributions of SUSYE331 to the muon MDM given in the Eqs. (1271) . 
fl27|) . it is hard to see the effects of the SUSYE331 parameter space to the muon MDM, 
in particular, the role of tan 7 . To assess the effects of SUSYE331 parameter space to the 
muon MDM, it is convenient to use the mass insertion method to calculate the diagrams. 
In next part, let us consider the muon MDM based on the weak eigenstate. 


B. Weak eigenstate 


In this section, let us consider the SUSY contribution to the muon MDM by using the 
mass insertion method to calculate the diagrams in Fig. [T21I13II141 The contributions to 
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( 32 ) 


M ■ 2 

where sl, cl and sr, cr are the mixing angles that related between flavour states fiR, tr, jl% f£ 
and the mass states Ir^, namely 

hL = CrIr^ — SrIr^, Tr = SrIr^ + CrIr^, 

hL = CrIr^ — SrIr^, r£ = SrIr^ + CrIr^. 

with Cr = cos9r,sr = sm9R,CR = cos 9R,SR = sm9R. A^,A^f are the couplings of the 
smuon-smuon-neutral Higgs, smuon-stauon-neutral Higgs, respectively. More details on the 
symbol, an interested reader can see in [27 1. 


VII. NUMERICAL CALCULATION 


The full parameter space of the SUSYE331 model contains dozens of parameters however 
we can classify in categories: H//i-term: /ip; the ratio of two vacua: tan 7; gauginos mass 
fn\; right-handed slepton mass: mi^ i left-handed slepton mass: 

mj^ > mixing terms: Ap, A^-, A^^, A^^. To simplify our calculation we can 

first make a rough estimation by taking the limit of m/;, m^, m\, /ip to msusY and since 
At, and A^/^ are non-diagonal terms in mixing matrix meaning At, and A^/^ are very small 
then we can approximate At = A^/^ = 0. 


In this limit, the analytical expressions 
follows 


,(I3I]),(132]) can be written simply as 
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If we assume ^4^ = 0 then summing all above terms we have 
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( 33 ) 
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FIG. 1: Attp plot against MguSY 

First let us numerically estimate Aa^ by using the Eq. flS^ . From Eq. fl5^ we can 
conclude that Aa^ is the same sign with signing,p). In Fig. [T]we plot the discrepancy of the 
muon MDM between experimental data and that predicted by the SM. For our convenience 
we have scale up the value of MDM by factor of 10® through out this paper. The shade 
region is 1.6 a difference with upper bound and lower bound are 2.0 —3.6 a, respectively. The 
muon MDM is investigated with different values of tan 7 = 1, 5,10, 20,40, 60. As we can see 
that to explain the > 3.6cr difference the mass of supersymmetric particle can be as small 
as ~ 75 GeV provided a value of tan 7 = 1. This is because in the SUSYE331 model, the 
number of new particles is increased comparing to the MSSM. Therefore the contribution 
to the total value of MDM is large even in the case of small tan 7 . When tan 7 is large 
(tan 7=60) the mass of the SUSY particle msusY is limited to 900 GeV in order to address 
the 2.0 cr discrepancy. As pointed out in |33j the simple extended of gauge symmetry model 


of the SM cannot address the problem of MDM because of the dampened term where 

“iVP 


Matp is the mass of the new physics particle. However in the supersymmetric version of the 
3-3-1 model, the contribution to the MDM of the new particle is enhanced with a factor of 
the ratio of two vacuum tan 7 . Therefore the issue of the MDM can be addressed with an 
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suitable value of tan 7 . 



FIG. 2: Aa^ plotted against //p and me 

= mun,, 

= ^iL, = ^iR, = 

tan 7 = 5, = 100 GeV, = 1 TeV, 

ruB =mx = mo, 

n _ n _ 7^/3 _ n _ tt 

4 ; ^ul 4 * 



lipiGeV) 

FIG. 3: Aop plotted against /ip and me 
= ^iR, = = rriun ,, 

= ^iR, = ""-^3 = > 

tan 7 = 5, mj^ = 200 GeV, mj^ = 1 TeV, 
ruB = mx = me, 

n _ n _ TT/o _ n _ tt 

— 4 ; ^ul — — 4 * 


Next, we show the SUSYE331 contribution to the muon MDM by using the analytical 
expressions (125|) - (I5^ and hxing the value of tan 7 and slepton masses. We have assumed 
that mr = mr = mj = rriy, = m£;„ and mj = mr = m,- = rriyj = my„ . Mass 

hierarchy between the second and the third generation is taken in to account. Since the 
MSSM is embedded in the SUSYE331 then we can take the constraint on smuon mass ^ 
where mass of smuon is greater than 91 GeV (ABBIENDI 04). We have approximated the 
mass of the second generation mj^ = 100 GeV and other cases mj^ = 200 GeV while the 
mass of the third generation about ITeV. The results obtained in Fig. [T]show that if 
the SUSY masses are hxed in 100 — 200 GeV, the values of tan 7 equals 5 in order to £t 
the experimental results. Hence we study the SUSY contribution to the muon MDM for 
hxing values of slepton masses and in the rriG and /ip plane. In Figs. [2] and [3] we plot the 
results for tan 7 = 5, bino and gauginos masses are assumed to be equal gauginos mass, 
rriB = rux = mo- The mixing is assumed maximal, Ob = Or = 6^^ = 9^^^ = The results 

given in Fig. [2] are plotted for mj^ = 100 GeV, = 1 TeV while the results given in the 
Fig. [3] are plotted for = 200 GeV, = 1 TeV. We plot for both negative and positive 
values of /ip. There is a slightly asymmetry in the graph which caused by terms which do 


17 















not depend on pp. We have imposed the condition of maximum value of |/ip| < 1500 GeV 
to avoid hne-tuning requirement for the Higgs potential. From Fig. |2] we can see that in 
order to address the anomalous of the muon MDM data, the mass of the gauginos are in 
the range of 200 < me < 700 GeV and because of the set up of the masses, tan 7 = 5 is 
the minimum value to satisfy experimental discrepancy 2 — 3.6 a. We can also learn that 
the value of MDM is inverse proportional to the value of Pp. In the case when the mass of 
the second generation is taken to be 200 GeV Fig. [3l the value of MDM merely reach 2.0 a 
anomaly of experimental data which set the upper bound of the second generation mass to 
200 GeV given the mass of the third generation ITeV and tan 7 = 5. The results given in 
Figs. [2] and [3] show that if we take a larger value of , the SUSYE331 contribution to the 
muon MDM is enhanced in the small me region. 




>i,(aeV) 


lipl.GeV) 


FIG. 4: Aop plotted against pp and me 
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FIG. 5: Aop plotted against pp and me 
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*2 Il 2 G2 ^2 ’ 
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h Gg '■^^3 ‘^fia ’ 
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Remember that the SUSYE331 contribution to the muon MDM is proportional to tan 7 . 
The results given in FigH] show that if the tan 7 = 60, the interested m^sY region is 
[600,800] GeV. We impose the upper bound for tan 7 = 60 (AGHARD 04) [Ij. Hence, we 
numerically study the SUSYE331 contribution to the muon MDM in the case tan 7 = 60 
and the slepton mass hierarchy between the second and third family is retained. In FigJU 
and Figj5]we plot muon MDM on the me and fip plane with the same condition as above 
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except the mass of the generation is taken to be 500 GeV for Fig. |4]and 800 GeV for Fig. [5] 
respectively and the mass of the third generation to be 2TeV. The result given in the FigJU 
show that the upper bound for mo = 1500 GeV and /ip = 1500 GeV. However the results 
given in the FigJ5]set the upper bound for me = 1100 GeV and /ip = 1200 GeV, respectively. 



FIG. 6: Aop plot against and rrif^. 
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to 

= mj 
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= 
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FIG. 7: Aop plot against nij^ and m^. 

= mi, 

= ^Ir, = 

tan 7 = 60,/ip = 140 GeV, mx =2 TeV 


Next we will take into account the current upper bound of the mass of Bino 350 GeV at 
the mass of top quark 174 GeV based on GP violating phase [l|. We have set = 

= mi and and tan 7 = 60,/ip = 140 GeV. 

The mass of other gauginos mx is set to be 1 TeV (Figj 6 ]) and 2 TeV (Fig|7]). These hgures 
illustrate the effects of varying to the SUSYE331 contribution to the muon MDM. 

Gombining the muon MDM from experimental and the theoretical predicted given in the ([ 6 ]) 
and ([7]), we obtain the interested region of the parameter space. Especially, the region of the 
parameter space of is very large m^ > 20 GeV while that of is slightly constrained 
and depends on the value of gaugino mass. If we hxed mx = 1 TeV the results given in Figj 6 ] 
show the lower bound of mi ~ 400 GeV and there is no upper bound for m^. From Fig. [7] 
we can End the upper bound mass of the left slepton mi < 800 GeV. 

Furthermore, by choosing the upper bound for the left-handed slepton mass above of 
third generation mj^^ = mj^^ = m^^^ = m^^^ = 800 GeV and hxing tan 7 = 60,/ip = 140 
GeV, ms = 350 GeV, we plot the SUSYE331 contribution to the muon MDM on the plane 
of = m^^^ = m^^ in FigJHJand Fig|9l The results for the cases of 
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FIG. 8 : Aa^ plot against and 

^Il2 = = m^R2 = t^R2 

^Ilz = = ^'>R 3 = 800 GeV 

tan 7 = 60,//p = 140 GeV, niB = 350 GeV 


FIG. 9: Aop plot against and 

~ ^f'i2 “ R^L2 1 ^1^2 ~ '^^R2 ~ R^R2 
^Il 3 = = 800 GeV 

tan 7 = 60,/ip = 140 GeV, niB = 350 GeV 


mx = 1 TeV and mx = 2 TeV are shown in FigJHland FigJHl respectively. Comparing with 
the experimental results, we hnd the lower bound of the mB 2 > 500 GeV for hxing mx = 1 
TeV and the upper bound for the mass of the left-handed slepton of the second generation 
is 600 GeV for hxing mx = 2 TeV. There is no bound of the right-handed slepton mass of 
the second generation. 



FIG. 10: Aop plot against and 
0 R = 0 L = 0 and = |, 

tan 7 = 60, /ip = 140 GeV, 

'IRR 3 = 800 GeV, = 600 GeV, 
mB = 350 GeV, mx = 1 TeV 


FIG. 11: Aop plot against mi,^^ and 
dR = Gl = 0 and = Gul = 
tan 7 = 60, /ip = 140 GeV, 

1 RR 3 = 800 GeV, = 600 GeV, 
mB = 350 GeV, mx = 2 TeV 
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We have investigated the maximal mixing case in which = j are related to 

neutrino mixing and 9^ = 91 = ^ are related to charge lepton mixing. Next, we will 
investigate smaller case 9r = 9l = ^ and 9y^ = 9^^^ = |. In Figs. HH] and dU we have plotted 
the MDM on the and rriR^ where we have used the above constraint for = 600 GeV 
and other parameters are hxed as: tan 7 = 60, fip = 140 GeV, = 800 GeV, = 350 
GeV, m\ = 1 TeV for the left -side hgure and m\ = 2 TeV for the right-side hgure. The 
mass of the sneutrino has to be smaller than 550 GeV to address 2 — 3.6 a discrepancy if 
m\ = 2 TeV. The lower bound of the right-handed slepton mass of the second generation is 
around tens of GeV for hxing m\ = 1 TeV and is a hundred GeV for hxing m\ = 2 TeV. 


VIII. CONCLUSIONS 

In this paper we have examined in detail the muon — 2 in the frame work of the 
SUSYE331 model. We calculated one-loop SUSYE331 contributions to the muon MDM 
based on both the mass eigenstate and the weak eigenstate methods. The mass eigenstates 
of the neutralino and chargino are obtained using approximation method. To recognize 
the effects of the SUSYE331 parameters to the muon MDM , we work with the analytical 
expressions of the muon MDM based on the mass insertion method. We have considered 
all parameters of SUSYE331 as free parameters. In our calculation we have made some 
assumptions: maximal mixing, mixing terms and A^:^ are small and are neglected 

in our calculation. In particularly, by taking the limit to msusY we obtain 

the reduced analytical expressions of the contribution of the SUSYE331 to the muon MDM. 
Results show that the SUSYE331 contribution to the muon MDM is enhanced in the small 
region of the msusY and the large values of the tan 7 . We have investigated for both small 
and large values of ratio of two vacua tan 7 . The numerical results show that in order to 
consist with the experimental bound of the muon MDM , the rrisusY — 75 GeV for tan 7 = 1 
and msusY = 900 for tan 7 = 60. On the other hand, we also investigated the SUSYE33 
contribution to the muon MDM in the case of the mass hierarchy between the second and 
the third generation. In the case which tan 7 is small (tan 7 = 5) and one generation of the 
slepton mass is hxed at the 0(1) TeV, the light slepton particle mass is bounded from 100 
GeV to 200 GeV and Aa^ can be comparable with the current limit on the muon MDM. 
When tan 7 is large (tan 7 = 60) the mass of the light left-handed slepton particle is bound 
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to 800 GeV . Finally, we would like to comment on the case with the maximal flavor mixing 
only in the sneutrino sector, we obtain the upper bound of the mass of sneutrino is is 550 
GeV. These values can be examined at LHG or furure collider ILG. 
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X. APPENDIX SECTION 


In this section we will dehne some integrals used in our calculation. The following integral 
is defined in [34 1. 

d^k 


= j 


{k? — miY^...{k‘^ — m\iY^ 
d^k 


J njLi(F 

In special case D = A and there are two masses, we have: 

mi, m 2 ) = \ ^ 

r(ni -h 122) 

9 

TTl 

X 2-^l(^l + ^2 ~ 2, Ui, Ui -|- 1 ^ 2 ; 1-1) 

mi 

The loop integrals are defined as : 
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